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Solvents of different polarities (water, ethanol, ethyl acetate and hexane) were used for the extraction of
antioxidants from the leaves and stems of the shoots of Barringtonia racemosa. The leaf water extracts had
the highest polyphenol and ascorbic acid contents. Flavonoids and carotenoids were highest in the leaf
ethyl acetate extracts. The leaf water extracts had the highest ferric reducing activities and scavenging
activities against ABTS, DPPH and superoxide anion radicals. Antioxidant activities of these extracts were
comparable to, if not higher than the antioxidants BHT, ascorbic acid, rutin and gallic acid. UHPLC anal-
yses revealed the presence of gallic acid, protocatechuic acid, ellagic acid, quercetin and kaempferol in the
leaves. Overall, the leaves contained more antioxidant compounds and higher antioxidant activities than
the stems. This study demonstrates the polar nature of antioxidants in the shoots of B. racemosa. There is
great potential for the plant as a natural source of antioxidants.
 2012 Elsevier Ltd. Open access under CC BY-NC-ND license.1. Introduction
Natural antioxidants have been gaining more attention in re-
cent decades due to their therapeutic values and fewer biological
side effects. Studies have reported various edible medicinal plants
to contain high amounts of antioxidants that can be utilised for the
prevention of oxidative damage-related diseases (Katalinic, Milos,
Kulisic, & Jukic, 2006; Liu, Qiu, Ding, & Yao, 2008).
Barringtonia racemosa (L.) Spreng is a tropical plant that belongs
to the family Lecythidaceae. The tree grows wildly along fresh water
swamps, lakes, riverbanks, shores of backwaters and the banks of
paddy ﬁelds (Deraniyagala, Ratnasooriya, & Goonasekara, 2003).
The tree is approximately 4–8 m in height but can grow up to
15 m. It has large and wide leaves which are obovate-oblong to
oblanceolate in shape. The size of the leaves is approximately 8–
35 cm  4–13 cm (Orwa,Mutua, Kindt, Jamnadass, & Simons, 2009).
In Malaysia, the young leaves or shoots of B. racemosa are com-
monly consumed fresh or boiled as an accompaniment to the main
meal. The leaves are traditionally employed for treating high blood
pressure and as a depurative (Orwa et al., 2009). Moreover, the
pounded leaves, roots and barks are used to reduce itchiness and
chicken pox (Ong & Nordiana, 1999). The medicinal uses of B. race-
mosa may vary among the local tribes in different countries.+60 3 79674957.
-Aziz).
-NC-ND license.However, ethno-medico botanical data are still lacking (Ong &
Nordiana, 1999). Scientiﬁcally, the leaves of B. racemosa have been
reported to have anti-inﬂammatory activities in the macrophage
cell line RAW 264.7 (Behbahani, Ali, Muse, & Mohd, 2007) while
the fruits have anti-arthritic activities in rats (Patil et al., 2011).
The seed extract was reported to contain anti-proliferative activi-
ties towards several leukemic cell lines which were attributed to
the presence of quercetin-3-O-rutinoside (Samanta, Bhattacharya,
Mandal, & Pal, 2010). Several secondary metabolites in B. racemosa
have been reported as the potential contributor for its antioxidant
and medicinal properties. These metabolites include diterpenes,
triterpenoids, ﬂavonoids, steroids and saponins (Deraniyagala
et al., 2003).
Previous studies have reported different aerial parts of B. race-
mosa to have high antioxidant activities (Behbahani et al., 2007;
Nurul Mariam, Radzali, Johari, Syahida, & Maziah, 2008; Sulaiman,
Sajak, Ooi, Supriatno, & Seow, 2011). Nonetheless, studies on the
edible shoots are scarce, particularly on the antioxidant compo-
nents and the effect of different solvent extractions on the result-
ing antioxidant activities. A preliminary screening conducted by
our group demonstrated the shoots of B. racemosa to contain one
of the highest antioxidant activities amongst 19 tropical herbs
(Razab & Aziz, 2010). This result has prompted us to conduct fur-
ther studies on the antioxidant components and antioxidant activ-
ities of the edible shoots of B. racemosa. As the effectiveness and
efﬁciency of active compounds derivation is signiﬁcantly affected
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Subramaniam, & Abdul-Aziz, 2012), solvent systems with different
polarities were used to achieve the best mass transfer medium.
Data obtained can provide evidence for the functional and nutra-
ceutical potentials of the shoots of B. racemosa.2. Materials and methods
2.1. Reagents and chemicals
Butylated hydroxytoluene (BHT), rutin, L-ascorbic acid, b-caro-
tene and trolox were purchased from Sigma Chemical Co. (St. Louis,
USA). HPLC grade polyphenol standards, gallic acid, protocatechuic
acid, ellagic acid, quercetin and kaempferol were purchased from
Sigma Chemical Co. All the standards had purities above 95%. High
performance liquid chromatography (HPLC) grade acetonitrile and
other analytical grade chemicals and reagents were obtained from
the general suppliers.
2.2. Sampling and sample preparation
The shoots of B. racemosa were collected from the states of
Kelantan and Kedah on the east and west coasts of Peninsular
Malaysia, respectively. Two kilo grams of each sample were conve-
niently sampled. The species was conﬁrmed by comparing the
morphology with the authentic herbarium specimen. The shoots
were then divided into the leaf portion and the stem portion. The
samples were subsequently homogenised and subjected to lyophil-
isation. Then, lyophilised samples were ground into powder and
sieved via a 1 mm mesh. The uniform samples were stored at
20 C prior to further analysis. Total carotenoid content was ana-
lysed within a week of storage.
2.3. Sample extraction in polar to non-polar medium
Samples were extracted separately by using solvents with dif-
ferent polarities, including water, ethanol, ethyl acetate and hex-
ane. The extraction protocol was slightly modiﬁed from that of
Liu et al. (2008). Two grammes of lyophilised sample were
extracted with 40 ml of solvent in an incubator shaker (New Bruns-
wick Scientiﬁc Innova 4300, New Jersey, USA) at 200 rpm, at 30 C
for 24 h. The extract was later centrifuged (Thermo Scientiﬁc Jouan
CR3i multifunction centrifuge, New Jersey, USA) at 1389g for 5 min
at 4 C and supernatant was ﬁltered through a Whatman ﬁlter pa-
per (No. 4). The solvent was evaporated on the rotary evaporator
(Buchi Labortecnik R-215, Flawil, Switzerland) at 40 C and the ﬁl-
trate for the water extract was dried in the freeze-dryer. The
extraction yield was measured and expressed as a percentage
(%). All extracts were dissolved in 10% dimethyl sulfoxide (DMSO)
and stored at 20 C for further analyses.
2.4. Determination of total polyphenol content
Total polyphenol content (TPC) was determined according to
the method of Singleton and Rossi (1965) with somemodiﬁcations.
An appropriately diluted sample (50 ll) was mixed with 25 ll of
1 N Folin–Ciocalteau reagent. The mixture was allowed to stand
at room temperature for 5 min. Then, 100 ll of a saturated sodium
carbonate (Na2CO3) solution (0.57 M) was added to the mixture.
The mixture was subsequently brought to a ﬁnal volume of
250 ll, using distilled water. The absorbance was read at 760 nm
(Bio-Rad Model 680 microplate reader, California, USA) after a
2 h reaction time. A standard calibration curve of gallic acid
(0–0.2 mg/ml) was plotted. Results were expressed as mg gallic
acid equivalents (GAE)/g dried extract.2.5. Determination of total ﬂavonoid content
Total ﬂavonoid content (TFC) was measured by a modiﬁed alu-
minium chloride colorimetric assay, described by Liu et al. (2008).
Sample (100 ll) was mixed with 10 ll of 5% sodium nitrite
(NaNO2), and incubated for 5 min before the addition of 10 ll of
10% aluminium chloride (AlCl3). After 6 min, 100 ll of 1 M sodium
hydroxide (NaOH) were added to the mixture. The reaction mix-
ture was subsequently diluted to a volume of 250 ll, using distilled
water. The absorbance of the mixture was read at 510 nm. A stan-
dard calibration curve of rutin (0–0.2 mg/ml) was plotted. The re-
sults were expressed as mg rutin equivalents (RE)/g dried extract.
2.6. Determination of total carotenoid content
Total carotenoid content (TCC) was measured spectrophoto-
metrically, as described by Khoo, Ismail, Mohd-Esa, and Idris
(2008). It is recommended that a wavelength of 450 nm be utilised
for the measurement of carotenoids in fruit and vegetables (Khoo
et al., 2008). No prior sample preparation was required and the
absorbance of appropriately diluted sample was measured at
450 nm. A standard calibration curve of b-carotene (0–0.2 mg/ml)
was plotted. All results were expressed in terms of mg of b-caro-
tene equivalents (BE)/g dried extract.
2.7. Determination of ascorbic acid content
The ascorbic acid content (AA) was measured according to the
method of Amin and Cheah (2003). Five hundred microgrammes
of the extract were dissolved in 50% acetonitrile and then ﬁltered
through a 0.45 lm nylon membrane ﬁlter prior to analyses in the
HPLC system (Series 1100, Agilent Technologies, Santa Clara,
USA). Separation of ascorbic acid was achieved on a reverse phase
Zorbax Eclipse XDB-C18 column (5 lm  250 mm  4.6 mm I.D),
using acetonitrile:water (50:50) as the mobile phase at a ﬂow rate
of 1 ml/min. Sample injection volume was 20 ll. The compound
was detected through a diode array detector at 254 nm. Results
were calculated, based on a calibration curve of L-ascorbic acid
(0–1 mg/ml). The results were expressed as ascorbic acid content
in mg/g dried extract.
2.8. Determination of ferric reducing antioxidant power
Ferric reducing antioxidant power (FRAP) was determined
through a method described by Benzie and Strain (1996) with
slight modiﬁcations. Three reagents were initially prepared:
300 mM acetate buffer (pH 3.6), 10 mM 2,4,6-tripyridyl-s-triazine
(TPTZ) in 40 mM hydrochloric acid (HCl) and 20 mM iron chloride
(FeCl3). FRAP reagent was prepared by mixing acetate buffer, TPTZ
solution in 40 mM HCl and 20 mM FeCl3 at a ratio of 10:1:1 (v/v/v),
respectively. Extract (5 ll) was added with 300 ll of FRAP reagent
prior to a 30 min incubation at 37 C. Subsequently, the absorbance
was measured at 595 nm. The results were calculated, based on a
calibration curve plotted using iron sulphate (FeSO4) (0–1 mM).
The results were expressed as mmol Fe2+/g dried extract.
2.9. Determination of trolox equivalent antioxidant capacity
Trolox equivalent antioxidant capacity (TEAC) was measured
using a method described by Re et al. (1999). Stock solution of
2,20-azinobis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radi-
cal cations was prepared by mixing 10 ml of distilled water with
7 mM ABTS and 2.45 mM potassium peroxodisulphate. The mix-
ture was incubated in the dark at room temperature for 12–16 h.
A working ABTS solution was freshly prepared by diluting the
stock solution with distilled water to an absorbance of
326 K.W. Kong et al. / Food Chemistry 134 (2012) 324–3320.70 ± 0.05 at 734 nm. Extracts (3 ll) were then added to 300 ll of
the ABTS solution and thoroughly mixed. After 6 min, absorbance
was measured at 734 nm. BHT, gallic acid, ascorbic acid and rutin
were used as positive controls and ran in parallel. The percentage
of antioxidant capacity was calculated as follows:
Antioxidant capacityð%Þ ¼ ðA
þ
ABTS  Asample or standardÞ
AþABTS
 100
where AþABTS is the absorbance of ABTS radical cations without sam-
ple or standard; and Asample or standard is the absorbance of ABTS rad-
ical cations with sample or standard. The TEAC values were
calculated, based on the calibration curve plotted using trolox at
different concentrations (0.025–1.6 mM). Results were expressed
as mmol trolox equivalents (TE)/g dried extract.
2.10. Determination of 1,1-diphenyl-2-picryl hydrazyl radical
scavenging activity
The 1,1-diphenyl-2-picryl hydrazyl (DPPH) free radical scaveng-
ing activity was determined by the method of Brand-Williams,
Cuvelier, and Berset (1995) with slight modiﬁcations. Extract
(50 ll) at different concentrations (0–1000 lg/ml) was mixed with
195 ll of a 100 lM DPPH solution prepared in methanol. After
30 min, the absorbance of the reaction mixture was read at
515 nm. Different concentrations (0–1000 lg/ml) of known antiox-
idant standards, namely BHT, gallic acid, ascorbic acid and rutin,
were used as positive controls and ran in parallel. The results were
expressed as a percentage (%) of the DPPH free radical scavenging
activity calculated with the following equation:
Scavenging activityð%Þ ¼ ðAcontrol  Asample or standardÞ
Acontrol
 100
where Acontrol is the absorbance of DPPH radicals without sample or
standard; and Asample or standard is the absorbance of DPPH radicals
with sample or standard. The efﬁcient concentration of samples
and standards that inhibits 50% of the DPPH radicals (EC50) was
calculated and expressed as lg/ml.
2.11. Determination of superoxide anion radical (O2 )-scavenging
activity
Superoxide anion radical-scavenging activity was evaluated
based on the method of Robak and Gryglewski (1988) with slight
modiﬁcations. Reagents for the assay consisted of 150 lM nitro-
blue tetrazolium (NBT), 468 lM nicotinamide adenine dinucleo-
tide (NADH) and 60 M phenazine methosulphate (PMS) in
phosphate buffered saline. An aliquot of 50 ll of extract, at differ-
ent concentrations (0–1000 lg/ml), was mixed with 50 ll of NBT,
50 ll of NADH and 50 ll of PMS. After incubation in the dark for
10 min at room temperature, the absorbance was read at
570 nm. Gallic acid, BHT, quercetin and rutin were used as positive
controls and analysed as above. Results were calculated as percent-
age inhibition of the O2 radicals, using a similar formula as for the
DPPH radical-scavenging activity. The EC50 was calculated and
expressed as lg/ml.
2.12. Determination of nitric oxide (NO) radical- scavenging activity
Nitric oxide scavenging activity of the plant extracts was mea-
sured using a modiﬁcation of the method described by Awah
et al. (2010). Twenty-ﬁve microlitres of the extract, at different
concentrations (0–1000 lg/ml), were mixed with a 25 ll freshly
prepared 5 mM sodium nitroprusside solution in phosphate buf-
fered saline (pH 7.3). The mixture was then incubated for 60 min
under a visible polychromatic light (150 W). Griess reagent(50 ll), containing equal volumes of 1% sulfanilamide in 5% phos-
phoric acid (H3PO4) and 0.1% of naphthylethylenediamine dihydro-
chloride was added to the mixture and incubated for 5 min before
absorbance was read at 550 nm. BHT, gallic acid, ascorbic acid and
rutin were used as positive controls. Results were calculated, fol-
lowing the equation for DPPH-radical scavenging activity and ex-
pressed as a percentage (%) of NO radical-scavenging activity.
The EC50 was also calculated.
2.13. Analysis of polyphenols using ultra high performance liquid
chromatography (UHPLC)
The aqueous extract was prepared as described in Section 2.3
and lyophilised. The dried extract (5 mg) was mixed with 2 ml of
1.2 N HCl containing 20 mM sodium diethyl dithiocarbamate
(DETC) in a glass vial before being hydrolysed in a heating module
with stirring capacity (Pierce Reacti-Therm Heating/Stirring Mod-
ule No. 18971, Illinois, USA) at 90 C for 2 h (Aziz, Edwards, Lean,
& Crozier, 1998). The hydrolysate was then cooled and ﬁltered
through a 0.20 lm polytetraﬂuoroethylene (PTFE) membrane ﬁlter
prior to chromatographic analysis.
Separation of polyphenols in the plant extract was achieved
using an UHPLC method on an Agilent 1290 Inﬁnity LC system
(Agilent Technologies, Waldbronn, Germany) equipped with a bin-
ary pump, diode array detector and an autosampler. Separation of
polyphenols was achieved on a C18 Zorbax Eclipse Plus column
(50  2.1 mm i.d., 1.8 lm) (Agilent, Germany) at room tempera-
ture, using a modiﬁed method of Hung, Hatcher, and Barker
(2011). Five microlitres of the sample were injected into the sys-
tem. Mobile phase A consisted of 0.1% triﬂuoroacetic acid (TFA)
and mobile phase B consisted of 100% acetonitrile with the ﬂow
rate adjusted to 0.6 ml/min. Separation of polyphenols was
achieved using the following linear gradient system: 5–15% B in
6 min; 15–25% B in 3 min; 25–60% B in 3 min; 60–80% B in
0.6 min; 80–100% B in 0.8 min. The polyphenols were detected at
a wavelength of 254 nm on a diode array detector.
The polyphenol standards, consisting of gallic acid, proto-
catechuic acid, ellagic acid, quercetin and kaempferol, were pre-
pared in 50% methanol containing 20 mM DETC sodium salt and
5 ll volumes were injected into the UHPLC system and ran under
the same conditions as described above.
2.14. Statistical analysis
All analyses were done in triplicate. Results were expressed as
means ± standard deviations. The data were statistically analysed
using the SPSS statistical software, version 15 (SPSS Inc, Chicago,
Illinois, USA). An independent t-test was used for comparison of
means between groups. One-way analysis of variance (ANOVA)
and Tukey’s Honestly Signiﬁcant Difference test were used to com-
paremeans among groups. A Pearson correlation testwas utilised to
study the relationship between the antioxidant components and the
antioxidant activities. The level of signiﬁcance was set at p < 0.05.3. Results and discussion
3.1. Extraction yield and antioxidant components
In the present study, B. racemosa from two different states,
Kelantan on the east coast and Kedah on the west coast of Penin-
sular Malaysia were used for comparison purposes. In an attempt
to ﬁnd the optimal solvent for extraction of antioxidants from B.
racemosa, four solvents of varying polarities were selected, namely
water, ethanol, ethyl acetate and hexane (Awah et al., 2010; Khoo
et al., 2008). The extraction yield and antioxidant components in
Table 2
Antioxidant activities of the leaves and stems of the shoots of B. racemosa extracted
with water, ethanol, ethyl acetate and hexane.
Extraction solvents
Water Ethanol Ethyl acetate Hexane
FRAP (mmol Fe2+/g extract)
Kt leaves 3.15 ± 0.06a 0.99 ± 0.08b 1.34 ± 0.10c 0.67 ± 0.03d
a b c d
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Table 1. Among the different solvent extracts of the leaves col-
lected from Kelantan and Kedah, the water extracts had the highest
yield, followed, in descending order, by the ethanol > ethyl ace-
tate > hexane extracts. The aqueous extracts of plants are com-
monly shown to give higher yields than other solvent extracts
(Peschel et al., 2006). Extraction was performed at room tempera-
ture to prevent potential deterioration of antioxidant compounds
as a result of heating or boiling (Nurul Mariam et al., 2008).
Polyphenol and ascorbic acid contents were highest in the water
extracts, implying that most polyphenols in B. racemosa are polar.
When the values were converted to freeze-dried weight, the poly-
phenol contents in the water extracts in this study (16.3–20.3 mg
GAE/g freeze-dried tissue) were comparable to those of a previous
study which reported that the methanol leaf extract of B. racemosa
had 16.2 mg GAE/g of polyphenols (Nurul Mariam et al., 2008).
The polyphenol contents of the leaf water extracts of B. racemosa
were comparable to, if not higher than several Chinese medicinal
herbs (0.57–281 mg GAE/g of freeze-dried tissue) (Liu et al., 2008)
and Algerian medicinal plants (3.31–32.3 mg GAE/g of air-dried tis-
sue) (Djeridane et al., 2006). Ascorbic acid (or vitamin C) is a highly
polar compound; hence was highest in the water extracts. The leaf
water extracts from Kedah and Kelantan have similar ascorbic acid
contents whichwas roughly threefoldmore than the water extracts
of the stems. The ascorbic acid content in the leafwater extracts (260
and 277 mg/100 g of fresh tissue) was higher than that in several
commercial vegetables (0.95–218 mg ascorbic acid/100 g of fresh
tissue) (Isabelle et al., 2010). Thus, the shoots of B. racemosa are
excellent sources of ascorbic acid.
Generally, ﬂavonoids could be detected in all the extracts,
although the ethyl acetate extracts of the leaves and stems from
both locations had the highest ﬂavonoid contents, implying the
presence of (mainly) semi-polar ﬂavonoids. The ﬂavonoid contents
in the ethyl acetate extracts in this study (19.9–21.8 mg RE/g ofTable 1
The yield and antioxidant components of the leaves and stems of the shoots of B.
racemosa extracted with water, ethanol, ethyl acetate and hexane.
Extraction solvent
Water Ethanol Ethyl acetate Hexane
Yield (%)
Kt leaves 13.9 ± 1.39a 7.58 ± 1.79b 2.80 ± 0.30c 2.09 ± 0.52c
Kt stems 9.18 ± 0.16a 5.26 ± 0.33b 2.89 ± 1.30bc 1.59 ± 0.49c
Kd leaves 10.3 ± 1.23a 9.10 ± 0.03a 5.17 ± 2.66ab 1.93 ± 0.07b
Kd stems 9.28 ± 0.89a 8.70 ± 3.11a 4.09 ± 0.41a 2.61 ± 1.05a
Polyphenol (mg GAE/g extract)
Kt leaves 146 ± 2.42a 39.5 ± 1.15b 59.0 ± 0.57c 23.3 ± 0.57d
Kt stems 92.8 ± 1.52a 28.9 ± 0.78b 21.3 ± 0.99c 8.62 ± 0.57d
Kd leaves 159 ± 0.95a 72.4 ± 0.65b 37.7 ± 0.95c 13.6 ± 0.22d
Kd stems 83.7 ± 0.38a 30.7 ± 0.38b 16.3 ± 0.57c 14.7 ± 0.27d
Flavonoid (mg RE/g extract)
Kt leaves 284 ± 14.1a 299 ± 11.0a 710 ± 21.9c 167 ± 3.13d
Kt stems 148 ± 10.8a 144 ± 4.77a 198 ± 6.25b 146 ± 7.86a
Kd leaves 276 ± 3.13a 322 ± 7.86b 422 ± 9.02b 275 ± 14.1a
Kd stems 120 ± 8.27a 142 ± 9.38b 157 ± 6.25c 109 ± 9.02a
Carotenoid (mg BE/g extract)
Kt leaves 54.0 ± 6.67a 352 ± 12.6b 875 ± 67.0c 251 ± 3.33d
Kt stems 9.56 ± 1.92a 157 ± 3.33b 290 ± 6.94c 104 ± 5.77d
Kd leaves 42.9 ± 3.85a 318 ± 5.09b 551 ± 6.67c 367 ± 5.77d
Kd stems 27.3 ± 3.33a 113 ± 5.09b 196 ± 15.0c 75.1 ± 5.09d
Ascorbic acid (mg/g extract)
Kt leaves 83.5 ± 1.14a 19.7 ± 0.08b 6.59 ± 0.03c 4.07 ± 0.02c
Kt stems 28.1 ± 0.78a 17.1 ± 0.11b 4.00 ± 0.02c 2.47 ± 0.03c
Kd leaves 88.9 ± 2.95a 42.7 ± 0.90b 9.99 ± 0.07c 3.19 ± 0.06d
Kd stems 30.3 ± 0.87a 19.5 ± 0.36b 3.90 ± 0.02c 3.12 ± 0.04c
Results are expressed as means ± standard deviation (n = 3). Values with different
lower case letters (a,b,c,d) are signiﬁcantly different at p < 0.05 among the extraction
solvents. Kt, Kelantan; Kd, Kedah.freeze-dried tissue) were lower than that in a previously reported
ethanolic extract of B. racemosa leaves (38.6 mg RE/g of freeze-
dried tissue) (Nurul Mariam et al., 2008). This could be due to dif-
ferences in the condition and location where the plant is grown, as
well as the extraction solvent used. Nevertheless, the ﬂavonoid
content in this study was higher than those of several Chinese
medicinal plants (0.50–158 mg RE/g of freeze-dried tissue) (Liu
et al., 2008), as well as Algerian medicinal plants (1.62–13.1 mg
RE/g air-dried tissue) (Djeridane et al., 2006).
Carotenoids were detected mainly in the ethyl acetate extracts,
which was in accordance with the less polar characteristics of
these compounds. Among the ethyl acetate extracts, Kelantan leaf
had the highest carotenoid content, followed in descending order
by Kedah leaf > Kelantan stem > Kedah stem. Green leafy vegeta-
bles are rich sources of carotenoids, such as lutein, zeaxanthin,
a-carotene and b-carotene, which are either semi-polar or apolar
(Khoo, Prasad, Kong, Jiang, & Ismail, 2011). Xanthophylls are
semi-polar carotenoids which are commonly found at high levels
in vegetables, and hence will be mainly found in the ethyl acetate
extracts (Khoo et al., 2011).
3.2. Antioxidant activities
3.2.1. General
Several in vitro antioxidant assays were selected in this study,
based on the ability of antioxidants to act as reducing agentsKt stems 2.31 ± 0.09 0.89 ± 0.05 1.20 ± 0.08 0.41 ± 0.04
Kd leaves 4.22 ± 0.03a 1.92 ± 0.10b 0.66 ± 0.07c 0.26 ± 0.03d
Kd stems 2.14 ± 0.06a 0.67 ± 0.07b 0.85 ± 0.03c 0.45 ± 0.03d
TEAC (mmol TE/g extract)
Kt leaves 1.60 ± 0.04a 0.43 ± 0.01b 0.67 ± 0.01c 0.35 ± 0.02d
Kt stems 0.82 ± 0.03a 0.37 ± 0.01b 0.35 ± 0.02b 0.28 ± 0.01c
Kd leaves 1.79 ± 0.14a 0.73 ± 0.03b 0.33 ± 0.02c 0.21 ± 0.01c
Kd stems 1.08 ± 0.01a 0.25 ± 0.02b 0.39 ± 0.02c 0.39 ± 0.02c
DPPH-scavenging activity EC50 (lg extract/ml)
Kt leaves 57.1 ± 1.12a 828 ± 20.5b 323 ± 1.50c NA
Kt stems 120 ± 10.7a 748 ± 53.0b 858 ± 23.3c NA
Kd leaves 51.4 ± 2.03a 156 ± 0.53b NA NA
Kd stems 164 ± 4.34a 388 ± 11.0b NA NA
O2 -scavenging activity EC50 (lg extract/ml)
Kt leaves 53.9 ± 3.28a NA 334 ± 19.3b NA
Kt stems 102 ± 3.32 NA NA NA
Kd leaves 58.2 ± 0.47 NA NA NA
Kd stems 111 ± 3.96 NA NA NA
NO-scavenging activity EC50 (lg extract/ml)
Kt leaves 329 ± 30.2a 443 ± 23.1b 222 ± 9.34c NA
Kt stems NA NA NA 600 ± 62.3
Kd leaves 382 ± 32.1a 213 ± 18.8b 308 ± 18.7c 469 ± 32.7d
Kd stems 459 ± 41.5a 744 ± 31.7b 796 ± 21.5b NA
Radical-scavenging activities of positive controls EC50 (lg/ml)
BHT Gallic acid Ascorbic acid Rutin
DPPH 150 ± 37.1 6.47 ± 0.39 19.3 ± 0.70 23.2 ± 1.15
O2 830 ± 30.9 27.7 ± 1.03 255 ± 20.0 63.5 ± 11.4
NO 860 ± 38.9 393 ± 15.3 NA 194 ± 6.84
Results are expressed as means ± standard deviation (n = 3). Values with different
lower case letters (a,b,c,d) within the same row are signiﬁcantly different (p < 0.05).
Kt, Kelantan; Kd, Kedah; NA, not available; TEAC, trolox equivalent antioxidant
capacity, expressed as mmol trolox equivalents (TE)/g extract; FRAP, ferric reducing
antioxidant power, expressed as mmol of Fe2+/g extract; (BHT, Butylated
hydroxytoluene). DPPH, superoxide anion (O2 ) and nitric oxide (NO
) radical-
scavenging activities are expressed as EC50, concentration of the extracts (lg/ml)
required to inhibit 50% of the radicals.
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 radical-
scavenging assays). Antioxidants act via several mechanisms,
including as hydrogen/electron donors, metal ions chelators and
through increasing the activities of the antioxidant enzymes, cata-
lase, glutathione peroxidase and superoxide dismutase. Hence, the
use of antioxidant assays that measure the different mechanisms
of the antioxidant effect would provide a better insight into the
true antioxidant potential of the extracts.3.2.2. Ferric reducing antioxidant activities
Table 2 shows the ferric reducing capacities of the plant ex-
tracts. Generally, the water extracts showed high ferric reducing
activities and the hexane extracts the least. Among the water ex-
tracts, Kedah leaf had the highest FRAP value, followed, in
descending order, by Kelantan leaf > Kelantan stem > Kedah stem.
Comparing the leaves and the stems, the former had almost dou-
ble the ferric reducing activities of the latter. The presence of
high concentrations of polyphenols and ascorbic acid in the
water extracts may explain the high ferric reducing activities.
The antioxidant properties of these two compounds are well
documented (Katalinic et al., 2006). The hexane extracts con-
tained the lowest amounts of polyphenols, ﬂavonoids and ascor-
bic acid and moderate amounts of carotenoids which explained
the low antioxidant activities. Peschel et al. (2006) have reported
hexane to give lower amounts of polyphenols than other
solvents.0
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Fig. 1. DPPH radical-scavenging activities of (a) Kelantan leaf extracts, (b) Kelantan stem
positive controls (BHT, gallic acid, ascorbic acid and rutin). Kt, Kelantan; Kd, Kedah; L,
expressed as means ± standard deviation.3.2.3. Trolox equivalent antioxidant capacity (TEAC)
The ABTS-scavenging capacities of the plant extracts were
expressed as trolox equivalent antioxidant capacity (TEAC) and
results are shown in Table 2. Similar to the ferric reducing activi-
ties, the water extracts had high TEAC values (>0.8 mmol TE/g of
extract) while the remaining extracts mostly had values less than
0.5 mmol TE/g of extract. This is likely contributed by the presence
of polyphenols and ascorbic acid in the water extracts. It has been
reported that plant extracts rich in vitamin C and polyphenols also
had high ABTS radical-scavenging capacities (Wang, Chang, Inbar-
aj, & Chen, 2010).3.2.4. 1,1-Diphenyl-2-picryl hydrazyl radical-scavenging activity
The DPPH radical-scavenging activities of the plant extracts
were expressed as EC50, i.e. the concentration required to inhibit
50% of the DPPH radicals (Table 2). The water extracts had low
EC50 values, indicating potent radical-scavenging effects, as low
concentrations were adequate to inhibit the DPPH radicals. Among
the water extracts, Kedah leaf had the lowest EC50 (51.4 lg/ml),
followed by Kelantan leaf (57.1 lg/ml), Kelantan stem (120 lg/
ml) and Kedah stem (164 lg/ml). The hexane extracts were the
least reactive and did not reach 50% inhibition of the DPPH radicals
at the concentrations tested. Extracts of B. racemosa in this study
had higher DPPH radical-scavenging activities than had cashew
shoots (Anacardium occidentale) (EC50: 72 lg/ml) (Razali, Razab,
Junit, & Aziz, 2008) or common herbs, including basil (EC50:0
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extracts, (c) Kedah leaf extracts and (d) Kedah stem extracts in comparison with
leaves; S, stems; W, water; EO, ethanol; EA, ethyl acetate; H, hexane. All data are
K.W. Kong et al. / Food Chemistry 134 (2012) 324–332 3290.49 mg/ml) and parsley (EC50: 12.0 mg/ml) (Hinneburg, Dorman,
& Hiltunen, 2006).
Fig. 1a–d shows the DPPH-scavenging activities of the extracts
of B. racemosa, as well as the antioxidant standards, BHT, gallic
acid, ascorbic acid and rutin. Overall, the antioxidant activities of
the plant extracts showed a concentration-dependent relationship.
Activities of the standards, gallic acid, ascorbic acid and rutin, were
rapid, reaching maximum inhibition at concentrations below
100 lg/ml, whereas the activity of BHT was slightly lower. The leaf
water extracts from Kedah and Kelantan had higher DPPH radical-
scavenging activities than had BHT and activities almost similar to
gallic acid, rutin and ascorbic acid, implying their potencies. Gener-
ally, the inhibitory activities of the plant extracts were more rapid
at concentrations, below 200 lg/ml, after which the reaction slo-
wed down considerably until the highest concentration. The water
extracts of the leaves were more reactive than those of the stems,
with the former already reaching maximal inhibition of the DPPH
radicals at concentrations above 200 lg/ml. The ethanol leaf ex-
tract from Kedah (Fig. 1c) exhibited a different pattern of DPPH
radical inhibition (compared to the other ethanol extracts), show-
ing considerable DPPH-scavenging capacity which was similar to
that of BHT although still lower than the water extract. In most
instances, the hexane and ethyl acetate extracts were the least
reactive in scavenging the DPPH radicals.
3.2.5. Superoxide anion radical (O2 )-scavenging activity
The O2 radical-scavenging activities of the plant extracts are
shown in Table 2. The water extracts showed the highest O2 -0
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Fig. 2. Superoxide anion radical-scavenging activities of (a) Kelantan leaf extracts, (b
comparison with positive controls (BHT, gallic acid, ascorbic acid and rutin). Kt, Kelantan
All data are expressed as means ± standard deviation.scavenging activities while the remaining extracts were mostly
non-reactive and did not reach 50% inhibition of the radicals at
the concentrations tested. Among the water extracts, Kelantan
leaf had the highest O2 -scavenging activity, followed, in
descending order, by the Kedah leaf > Kelantan stem > Kedah
stem. The concentrations needed to inhibit 50% of the O2 radi-
cals were somewhat similar to the concentrations required to
inhibit 50% of the DPPH radicals.
When concentrations of the extracts were plotted against per-
centage inhibition of the O2 radicals, a dose–response relation-
ship was observed (Fig. 2a–d). Reactions were rapid at lower
concentrations of the plant extracts and began to plateau at high-
er concentrations (>200 lg/ml). The leaf water extracts had high-
er activities than had the standards, rutin, BHT and ascorbic acid
and activities similar to that of gallic acid, implying its potency as
a natural source of antioxidants. The graphs showed a distinct
pattern of inhibition of the O2 radicals by the plant extracts, with
the water extracts being the most potent, showing dose–response
curves similar to those of rutin and gallic acid while the remain-
ing extracts had considerably lower activities, in most instances
showing less than 50% inhibition of the O2 radicals. Interestingly,
several of the plant extracts which did not exhibit inhibitory ef-
fects on the O2 radicals, appeared to show negative inhibition
of the radicals. The ethyl acetate and hexane extracts, which
had high levels of ﬂavonoids and carotenoids, showed negative
O2 -scavenging activities (Fig. 2a–d), suggesting a pro-oxidant ef-
fect. Negative inhibition of the O2 radicals has also been reported
in a marine macroalgal sample, at higher concentrations (Zubia,-100
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) Kelantan stem extracts, (c) Kedah leaf extracts and (d) Kedah stem extracts in
; Kd, Kedah; L, leaves; S, stems; W, water; EO, ethanol; EA, ethyl acetate; H, hexane.
330 K.W. Kong et al. / Food Chemistry 134 (2012) 324–332Robledo, & Freile-Pelegrin, 2007). Certain antioxidants may also
act as pro-oxidants. Flavonoids, for instance, may act as pro-oxi-
dants, depending on certain factors, such as the number of hydro-
xyl groups in the ﬂavonoids, existence of transition metal ions
and also their concentration (Procházková, Boušová, & Wilhel-
mová, 2011). In this study, negative inhibition of the O2 radicals
was seen at higher concentrations of the extracts (>125 lg/ml).
Determination of the types of antioxidant compounds present in
these extracts and further analyses, including metal chelating
abilities, would provide a better insight into the purportedly
pro-oxidant effects.3.2.6. Nitric oxide radical (NO)-scavenging activity
Table 2 shows the NO radical-scavenging activities of the plant
extracts. The EC50 values were higher compared to the DPPH- and
O2 -scavenging values, indicating that higher concentrations of the
plant extracts were needed to inhibit the NO radicals. The NO-
scavenging activities of the plant extracts did not follow the same
pattern as the previous antioxidant assays. Among all the extracts,
four extracts exhibited strong NO-scavenging activities, with EC50
values below 350 lg/ml. The extracts were ethanol leaf (Kedah)
(EC50: 213 lg/ml) > ethyl acetate leaf (Kelantan) (EC50: 222 lg/
ml) > ethyl acetate leaf (Kedah) (EC50: 308 lg/ml) > water leaf
(Kelantan) (EC50: 329 lg/ml). The activities of these extracts were
higher than those of common plants, including various parts of red
maple (Acer rubrum) extracts (EC50: 0.4–1.5 mg/ml) (Royer, Diouf,-40
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Fig. 3. Nitric oxide radical-scavenging activity of (a) Kelantan leaf extracts, (b) Kelantan s
positive controls (BHT, gallic acid, ascorbic acid and rutin). Kt, Kelantan; Kd, Kedah; L,
expressed as means ± standard deviation.& Stevanovic, 2011) and the leaves of Symplocos cochinchinensis
(EC50: 0.87 mg/ml) (Sunil & Ignacimuthu, 2011).
The NO radical-scavenging activities of the plant extracts also
followed a concentration-dependent pattern (Fig. 3a–d). The inhi-
bition reactions were especially rapid at lower concentrations
(<100 lg/ml), slowing down considerably at higher concentra-
tions (>400 lg/ml). The sequence of potency of the extracts dif-
fered slightly from those in the other antioxidant assays. In
this assay, the ethanol and ethyl acetate extracts of the leaves
had high NO-scavenging activities whereas the water extracts,
which had high ferric reducing, DPPH, ABTS and O2 -radical-scav-
enging activities were less reactive. Activities of the four most
active extracts listed above were lower than those of rutin
(EC50: 194 lg/ml) but higher than those of gallic acid (EC50:
393 lg/ml) and BHT (EC50: 860 lg/ml), implying their potencies.
Generally, the leaf extracts from both Kedah and Kelantan had
better NO radical-scavenging activities than had the stem ex-
tracts. Unlike previous antioxidant assays, the inhibitory activi-
ties of the extracts on the NO radicals, in most cases, did not
show a levelling off with increasing concentration, indicating that
inhibition was still occurring, although at a much reduced rate.
Ascorbic acid, however, showed initial inhibition of the NO rad-
icals (26%), up to a concentration of 125 lg/ml, after which neg-
ative activity was observed at higher concentrations, suggesting a
pro-oxidant effect. Although nitrite (NO2 ) is the ﬁnal product in
this assay, nitrate (NO3 ) may also be generated (Magalhães, Seg-
undo, Reis, & Lima, 2008) which may react with ascorbic acid to-40
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tem extracts, (c) Kedah leaf extracts and (d) Kedah stem extracts in comparison with
leaves; S, stems; W, water; EO, ethanol; EA, ethyl acetate; H, hexane. All data are
Table 3
Pearson correlation analyses of the antioxidant components and antioxidant activities
in the extracts of B. racemosa.
FRAP TEAC DPPH O2 NO

TPC 0.971a 0.971a 0.776a 0.792a 0.427a
TFC 0.105 0.070 0.075 0.036 0.479a
TCC 0.328b 0.342b 0.268b 0.305b 0.261
AA 0.925a 0.929a 0.691a 0.671a 0.381a
TPC, total polyphenol content; TFC, total ﬂavonoid content; TCC, total carotenoid
content; AA, ascorbic acid content; TEAC, Trolox equivalent antioxidant capacity;
FRAP, ferric reducing antioxidant power; DPPH, 1,1-diphenyl-2-picryl hydrazyl
radical-scavenging activity; O2 superoxide anion radical-scavenging activity; NO
,
nitric oxide radical-scavenging activity.
a Correlation is signiﬁcant at the 0.01 level.
b Correlation is signiﬁcant at the 0.05 level.
K.W. Kong et al. / Food Chemistry 134 (2012) 324–332 331form nitrous acid which can subsequently transform to nitric
oxide, leading to reduced inhibition of the NO radicals.
3.3. Correlation analyses
Pearson correlation analyses were done to predict the relation-
ship between the antioxidant compounds and antioxidant activi-
ties (Table 3). Polyphenol compounds and ascorbic acid showed
strong (r = 0.60–0.79) to very strong (r > 0.8) signiﬁcant positive
correlations with all the antioxidant assays except the NO radi-
cal-scavenging assay. Polyphenols and ascorbic acid showed only
weak (r = 0.2–0.39) to moderate (r = 0.4–0.59) positive correlation
with the NO radical-scavenging assay. This implies the ability of
the polyphenols and ascorbic acid in B. racemosa to act as reducing
agents and hydrogen donors in neutralising free radicals. Previous
studies have reported positive correlation between FRAP and TEAC
values and the corresponding polyphenol and ascorbic acid con-
tents (Djeridane et al., 2006; Liu et al., 2008; Razab & Aziz,
2010). Flavonoids, on the other hand only showed moderateFig. 4. Analyses of polyphenols in the shoot extracts of B. racemosa, using UHPLC. Hydrol
using an UHPLC system. Polyphenols were separated on a C18 Zorbax Eclipse Plus column
ﬂow rate of 0.6 ml/min. The polyphenols were detected at a wavelength of 254 nm. 1: gpositive correlation with the NO radical-scavenging assay and no
correlation with the remaining antioxidant assays. A recent study
reported no correlation between polyphenol content and NO-scav-
enging activities (Royer et al., 2011).
Carotenoid content, on the other hand, demonstrated negative
relationships with all the antioxidant assays, implying minimal
contribution of carotenoids towards the observed antioxidant
activities. Müller, Fröhlich, and Böhm (2011) did not detect DPPH
radical-scavenging activities with carotenoids, in agreement with
our study. Correlation studies between carotenoids and antioxi-
dant activities are scarce and those that are available have shown
conﬂicting results with some studies showing positive correlations
(Egea, Sánchez-Bel, Romojaro, & Pretel, 2010) and others showing
negative correlation (Müller et al., 2011). The types and quantities
of carotenoids present in plants could, to a certain extent, inﬂuence
the resulting antioxidant activities, due to different reaction
kinetics (Van Den Berg, Haenen, Van Den Berg, & Bast, 1999).3.4. UHPLC analyses of polyphenols in the extracts of B. racemosa
The plant samples were initially subjected to acid hydrolysis to
release sugars conjugated to the polyphenols, hence allowing easy
identiﬁcation of the aglycone or free polyphenols. The develop-
ment of UHPLC has allowed for more sensitive and rapid analyses
of polyphenols in plant samples while still maintaining resolution
and stability of the compounds.
Fig. 4a and b shows the chromatograms of the leaf and stem ex-
tracts of B. racemosa after acid hydrolysis. The chromatogram for
the leaf extract of B. racemosa indicated the presence of gallic acid,
protocatechuic acid, ellagic acid, quercetin and kaempferol (Fig. 4a)
while only gallic acid, protocatechuic acid and ellagic acid were de-
tected in the stem extract of B. racemosa (Fig. 4b). The polyphenols
in the plant extracts were conﬁrmed by comparing the retention
times of the samples with the standards, as well as comparingysed samples of the leaves (Fig. 4a) and stems (Fig. 4b) of B. racemosa were analysed
(50  2.1 mm i.d., 1.8 lm) using acetonitrile and TFA (0.1%) as the mobile phase at a
allic acid; 2: protocatechuic acid; 3: ellagic acid; 4: quercetin; 5: kaempferol.
332 K.W. Kong et al. / Food Chemistry 134 (2012) 324–332the absorption spectra between the samples and the standards ob-
tained on the diode array detector. Quercetin-3-O-rutinoside,
which is a conjugated form of quercetin, has been detected in the
seeds of B. racemosa (Samanta et al., 2010) and could also be pres-
ent in the leaves, as free quercetin was found in our samples. The
polyphenols found in our samples contain antioxidant activities
and could act synergistically in providing the observed antioxidant
activities in the leaf extracts of B. racemosa (Liu, Shi, Colina Ibarra,
Kakuda, & Jun Xue, 2008).4. Conclusion
This study describes the effect of solvent on the extraction of
antioxidants from the leaves and stems of B. racemosa and the
resulting antioxidant activities of the extracts. Overall, water is
the most effective solvent as the water extracts had the most anti-
oxidant compounds and highest antioxidant activities, showing
that antioxidants in the shoots are mostly polar. The shoots of B.
racemosa contain high amounts of polyphenols, ascorbic acid and
carotenoids, which can be a rich source of natural antioxidants,
providing protection against oxidative damage. In vivo study,
involving animal models, will provide a better insight into the anti-
oxidative potential of B. racemosa, including its inﬂuence on the
cellular antioxidant defence system.
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